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Whvwlqj wkh Vwdelolw| ri d Surgxfwlrq Ixqfwlrq zlwk Xuedql}dwlrq
dv d Vkliw Idfwru= Dq Dssolfdwlrq ri Qrq0Vwdwlrqdu| Sdqho Gdwd
Whfkqltxhv
Vx}dqqh PfFrvnh| dqg Fklkzd NdrW
Xqlwhg Vwdwhv Qdydo Dfdghp| dqg V|udfxvh Xqlyhuvlw|
Iluvw Gudiw= Dxjxvw 4<<:
Wklv Gudiw= Vhswhpehu 5;/ 4<<;
Devwudfw
Xuedq hfrqrplvwv kdyh orqj vrxjkw wr h{sodlq wkh uhodwlrqvkls ehwzhhq xuedql}dwlrq ohyhov dqg rxwsxw1
Lq wklv sdshu zh uhylvlw wklv txhvwlrq dqg whvw wkh orqj uxq vwdelolw| ri d surgxfwlrq ixqfwlrq zlwk
xuedql}dwlrq xvlqj qrq0vwdwlrqdu| sdqho gdwd whfkqltxhv1 Rxu uhvxowv vkrz wkdw d orqj uxq uhodwlrqvkls
ehwzhhq xuedql}dwlrq/ rxwsxw shu zrunhu dqg fdslwdo shu zrunhu fdqqrw eh uhmhfwhg iru hlwkhu rxu vdpsoh
ri 63 ghyhorslqj frxqwulhv ru rxu vdpsoh ri 55 ghyhorshg frxqwulhv1 Lq dgglwlrq/ zh hvwlpdwh wkh orqj uxq
dyhudjh hhfwv rq JSGZ ri xuedql}dwlrq dqg fdslwdo1 Wkhvh uhvxowv rhu qhz lqvljkwv dqg srwhqwldo iru
g|qdplf xuedq prghov udwkhu wkdq wkh vlpsoh furvv0vhfwlrq dssurdfk1
4 Lqwurgxfwlrq
Xuedq hfrqrplvwv kdyh orqj ehhq dwwhpswlqj wr dqvzhu wkh txhvwlrq ri zk| flwlhv h{lvw1 Lq sduwlfxodu/ uhfhqw
uhvhdufk kdv irfxvhg rq wkh lghd wkdw flwlhv fdswxuh vrph vruw ri djjorphudwlrq hfrqrplhv0surgxfwlrq lq xuedq
duhdv ehqhwv iurp vrph lqfuhdvlqj uhwxuqv wr vfdoh zklfk duh qrw suhvhqw lq uxudo hqylurqphqwv1 Xuedq
hfrqrplvwv kdyh jrqh ixuwkhu wr vhsdudwh wkhvh djjorphudwlrqv lqwr wzr fdwhjrulhv= orfdol}dwlrq hfrqrplhv/
hfrqrplhv ri vfdoh suhvhqw ehfdxvh ri lqgxvwuldo foxvwhulqj lq flwlhv dqg xuedql}dwlrq hfrqrplhv/ hfrqrplhv ri
vfdoh suhvhqw ehfdxvh ri wkh ryhudoo vl}h ri flw|1 Orfdol}dwlrq hfrqrplhv duh h{whuqdo wr wkh up exw lqwhuqdo
wr wkh lqgxvwu|1 Prvw ri wkh duwlfohv suhvhqwhg zlwk uhjdugv wr rxwsxw dqg xuedql}dwlrq kdyh irfxvhg rq
xuedql}dwlrq hfrqrplhv dqg qrw orfdol}dwlrq hfrqrplhv1
Jlyhq wkdw xuedq vwuxfwxuh lv k|srwkhvl}hg wr lq xhqfh rxwsxw ohyhov dqrwkhu uhodwhg txhvwlrq lv krz
xuedql}dwlrq dhfwv hfrqrplf ghyhorsphqw= zkdw lv wkh uroh ri xuedql}dwlrq ohyhov lq ghyhorslqj dqg ghyho0
rshg frxqwulhv1 D orqj uxqqlqj ghedwh lq ghyhorsphqw hfrqrplfv kdv ehhq zkhwkhu ghyhorslqj frxqwulhv
WDgguhvv iru fruuhvsrqghqfhv Vx}dqqh PfFrvnh|/ Ghsduwphqw ri Hfrqrplfv/ Xqlwhg Vwdwhv Qdydo Dfdghp|/ 454 Eodnh
Ug1/ Dqqdsrolv/ PG1 547351 hpdlo= pffrvnh|Cqdgq1qdy|1plo1 Wkh dxwkruv zrxog olnh wr wkdqn Mdfn Vwudxvv iru klv khosixo
frpphqwv1 Wkdqnv dovr wr wkh sduwlflsdqwv lq wkh Hljkwk Lqwhuqdwlrqdo Frqihuhqfh rq Sdqho Gdwd1
4
kdyh ehfrph ryhuxuedql}hg1 Lq Prrpdz dqg Vkdwwhu +4<<6, wkh ghedwh lv fkdudfwhul}hg dv wkdw ehwzhhq wkh
wudglwlrqdolvwv dv uhsuhvhqwhg e| Wrgdur*v zrunv/ iru h{dpsoh klv slhfh +4<<8, zklfk fodlpv wkdw ohvv ghyho0
rshg frxqwulhv duh ryhuxuedql}hg/ dqg wkh prghuqlvwv dv uhsuhvhqwhg lq wkh zrun ri Zkhdwrq dqg Vklvklgr
+4<;5,/ zklfk fodlp wkdw odujh flwlhv duh qhfhvvdu| wr uhdol}h hfrqrplhv ri vfdoh1 Xqiruwxqdwho|/ wkhuh duh qrw
pdq| hpslulfdo vwxglhv zklfk orrn dw wklv txhvwlrq1 +H{fhswlrqv duh Prrpdz dqg Vkdwwhu 4<<6 dqg 4<<9,
Ixuwkhu/ wkh hpslulfdo uhvhdufk lq wkh olwhudwxuh lv hlwkhu edvhg rq furvv0vhfwlrq vwxglhv ru yhu| olplwhg sdqhov
zklfk duh xqdeoh wr wuxo| fdswxuh wkh g|qdplf qdwxuh ri wkh txhvwlrq1
Wkh pdlq lghd ri wkh g|qdplf prgho zh xvh frphv iurp wkh qhrfodvvlfdo jurzwk olwhudwxuh zklfk vhwv rxw
d g|qdplf rswlpl}dwlrq sureohp iru wkh hfrqrplf lqglylgxdo frqvwudlqhg e| vrph surgxfwlrq ixqfwlrq1 Dq
h{dpsoh ri wklv wkhru| lv jlyhq e| Oxfdv +4<;;, dqg klv dwwhpswv wr h{sodlq hfrqrplf jurzwk lq ghyhorshg dqg
ghyhorslqj frxqwulhv1 Klv sdshu lv qrw dprqj wkrvh frqfhuqhg zlwk wkh frqyhujhqfh wkhrulhv ri jurzwk vxfk
dv wkh duwlfoh e| Eduur +4<<4,1 Udwkhu lw vroyhv prghov zlwk xwlolw| pd{lpl}dwlrq jlyhq surgxfwlrq frqvwudlqwv
zkhuh kxpdq fdslwdo/ ohduqlqj e| grlqj dqg frpsdudwlyh dgydqwdjh lq wudgh gulyh jurzwk1 Kh dovr dooxghv
wr/ wkrxjk qhyhu vroyhv/ dq h{dpsoh zkhuh flwlhv frxog fdxvh jurzwk e| fdswxulqj fhuwdlq djjorphudwlrqv
lq surgxfwlrq1 Wklv lv wkh edfnjurxqg sklorvrsk| iru wkh prgho suhvhqwhg ehorz1 Dowkrxjk wkh prgho
suhvhqwhg khuh grhv qrw vroyh wkh frqvxphu pd{lpl}dwlrq sureohp/ lw grhv vhw rxw d surgxfwlrq ixqfwlrq
zklfk/ li surshuo| vshflhg frxog hqwhu d jurzwk prgho dv d shuwlqhqw frqvwudlqw1
Vhfwlrq 5 suhvhqwv wkh Free0Grxjodv surgxfwlrq ixqfwlrq prgho xvhg lq wkh sdshu1 Lq wklv prgho xu0
edql}dwlrq lv dgghg dv d vkliw idfwru1 Vhfwlrq 6 suhvhqwv wkh hpslulfdo uhvxowv ri wkh sdshu glvwlqjxlvklqj
ehwzhhq wkh g|qdplf uhvxowv rq wkh prgho lqfoxglqj qrq0vwdwlrqdu| yduldeohv/ dqg wkh uhvxowv iurp furvv
vhfwlrq uhjuhvvlrqv1 Lq sduwlfxodu/ zh dsso| wkh sdqho xqlw urrw whvw jlyhq e| Lp/ Shvdudq dqg Vklq +4<<8,>
whvw ri wkh qxoo ri frlqwhjudwlrq lq sdqho gdwd iurp PfFrvnh| dqg Ndr +4<<;,> dqg surfhgxuhv iru hvwlpdwlqj
orqj0uxq uhodwlrqvklsv iurp Shvdudq dqg Vplwk +4<<8,1 Vhfwlrq 7 rhuv frqfoxglqj qrwhv1
5 Wkh Prgho
Wkh prgho sursrvhg khuh xvhv d Free0Grxjodv surgxfwlrq ixqfwlrq zklfk uhvwulfwv wkh vxp ri h{srqhqwv rq
fdslwdo dqg oderu wr rqh1 Wkh surgxfwlrq ixqfwlrq lv ghqhg iru hdfk frxqwu| dqg hdfk |hdu=
\lw @ Dlw+Xlw,
l+N

l
lw Q
4
l
lw , +4,
zkhuh \lw lv JGS iru frxqwu| l lq wlph shulrg w> Xlw lv wkh shufhqw ri wkh srsxodwlrq olylqj lq dq xuedq duhd/
Nlw lv fdslwdo vwrfn/ dqg Qlw lv wkh qxpehu ri zrunhuv1 Dlw lv wkh vshflfdwlrq iru whfkqrorj| dqg lv wkh
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hohphqw zklfk lqwurgxfhv d vwrfkdvwlf hohphqw lqwr wkh prgho1 Whfkqrorj| dqg xuedql}dwlrq ohyhov lq wklv
prgho erwk dfw dv vkliw idfwruv=
Dlw @ h
l.%lw = +5,
Qrupdol}lqj e| Q dqg wdnlqj wkh qdwxudo orj irupv wkh iroorzlqj prgho=
oq\ lw @ l . l oqN

lw . l oqXlw . %lw +6,
zkhuh \ lw @
\lw
Qlw
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1
Wkh sdqho prgho khuh doorzv hdfk ri wkh furvv0vhfwlrqv wr kdyh d xqltxh lqwhufhsw1 Lq wklv prgho/ l fdq
eh lqwhusuhwhg dv d vkliw idfwru lq surgxfwlrq fdxvhg e| whfkqrorjlfdo fkdqjh1 Wkxv/ wkhuh lv d vwrfkdvwlf
hohphqw wr whfkqrorj| zklfk ydulhv derxw d phdq1 Whfkqrorj| jurzwk kdv d frqvwdqw guliw/ l dqg d udqgrp
vkrfn wkdw dfwv rq wkh guliw/ %lw1 l fdq eh lqwhusuhwhg dv wkh hodvwlflw| ri fdslwdo shu zrunhu zlwk uhvshfw wr
surgxfwlrq rxwsxw shu zrunhu dqg l wkh xuedql}dwlrq hodvwlflw|1 Doorzlqj ydu|lqj vorshv dv zhoo dv lqwhufhswv
doorzv wkh lqglylgxdo frxqwulhv wr kdyh khwhurjhqhrxv surgxfwlrq ixqfwlrqv dqg phdqv wkdw wkh uhjuhvvlrq
frh!flhqwv iurp hdfk furvv0vhfwlrq duh hvwlpdwhg lqghshqghqwo|1
Wkh gdwd xvhg lq wklv sdshu frphv iurp wkh Shqq Zruog Wdeohv dqg wkh Zruog Edqn Vrfldo Lqglfdwruv
ri Ghyhorsphqw1 Wkh Shqq Zruog wdeohv surylgh |hduo| revhuydwlrqv rq qrq0uhvlghqwldo fdslwdo vwrfn shu
zrunhu/ NDSZ/ dqg uhdo JGS shu zrunhu/ UJGSZ1 Erwk duh uhsruwhg lq 4<;8 lqwhuqdwlrqdo sulfhv1 Wkh
Zruog Edqn Vrfldo Lqglfdwruv ri Ghyhorsphqw surylghv gdwd rq shufhqw ri wkh srsxodwlrq olylqj lq dq
xuedq duhd1 Wkh gdwd duh uhfrughg lq |hduo| revhuydwlrqv iurp 4<9804<;<1 Wkhuh duh wzr srwhqwldo jurxsv
ri wkh gdwd= ghyhorshg frxqwulhv dqg ghyhorslqj frxqwulhv1 Wkh vhw ri ghyhorslqj frxqwulhv/ Jurxs 4/ kdv 63
frxqwu| revhuydwlrqv dqg lqfoxghv frxqwulhv iurp Diulfd/ Fhqwudo Dphulfd/ Vrxwk Dphulfd dqg Dvld1 Wkh
vhw ri ghyhorshg frxqwulhv/ Jurxs 5/ kdv 55 revhuydwlrqv frpsulvhg ri Hxurshdq/ Dvldq/ Qruwk Dphulfdq
frxqwulhv dqg Dxvwudold dqg Qhz ]hdodqg1 Dv rxwolqhg lq wkh prgho/ doo yduldeohv duh lq orj irup1 Doo
hvwlpdwlrq dqg whvwlqj lv grqh lq JDXVV 613 xvlqj wkh sdfndjh FRLQW 5131
Zlwk 58 |hduv ri revhuydwlrqv iru hdfk furvv0vhfwlrq vhulhv/ zh lqwurgxfh d vxevwdqwldo wlph glphqvlrq
zklfk doorzv xv wr h{sorlw fxuuhqw uhvxowv lq wkh wlph vhulhv dqg g|qdplf sdqho olwhudwxuh zklfk doorz xv wr
whvw iru xqlw urrwv dqg frlqwhjudwlrq1 Wkh srwhqwldo suhvhqfh ri xqlw urrwv dqg frlqwhjudwlqj uhodwlrqvklsv lq
wkh gdwd rshqv xs wr xv d zkroh qhz zhdowk ri wkhru| dqg lqwhusuhwdwlrq xqdydlodeoh lq wkh furvv vhfwlrq1
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6 Hpslulfdo Uhvxowv
614 G|qdplf Sdqho Gdwd Uhvxowv
61414 Whvwlqj iru Qrq0Vwdwlrqdulw| dqg Frlqwhjudwlrq lq Sdqho Gdwd
Lq wklv vhfwlrq zh vxppdul}h wkh qrq0vwdwlrqdu| sdqho gdwd whvwv iru xqlw urrwv dqg frlqwhjudwlrq zh zloo
eh xvlqj dqg rhu vrph lqwxlwlrq ehklqg wkh whvwlqj1 Wkh whvw ri wkh qxoo k|srwkhvlv ri frlqwhjudwlrq vwdwhv
wkdw xqghu wkh K3 wkhuh h{lvwv d orqj uxq uhodwlrqvkls ehwzhhq wkh qdwxudo orjv ri rxwsxw shu zrunhu/ fdslwdo
vwrfn shu zrunhu/ dqg xuedql}dwlrq ohyhov1 Wkh prgho doorzv iru ydu|lqj lqwhufhswv dqg ydu|lqj vorshv dqg
wkxv d frlqwhjudwlrq whvw iru khwhurjhqhrxv furvv0vhfwlrqv lv dssolfdeoh1 Dq lqwxlwlyh lqwhusuhwdwlrq ri wkh qxoo
k|srwkhvlv zrxog eh wkdw li wkhuh h{lvwv d orqj uxq uhodwlrqvkls ehwzhhq wkhvh wkuhh yduldeohv wkhq lqfoxglqj
xuedql}dwlrq ohyhov lq wkh surgxfwlrq ixqfwlrq vshflfdwlrq lv uhdvrqdeoh dqg khosixo lq ghvfulelqj jurzwk lq
rxwsxw lq wkh orqj uxq1
Wkh uvw vwhs wr ghwhuplqlqj d srwhqwldoo| frlqwhjudwhg uhodwlrqvkls lv wr whvw zkhwkhu wkh yduldeohv
lqyroyhg duh vwdwlrqdu| ru qrq0vwdwlrqdu|/ l1h1/ zkhwkhu wkh lqglylgxdo vhulhv frqwdlq xqlw urrwv1 4Li doo
wkh yduldeohv duh vwdwlrqdu|/ wkhq wudglwlrqdo hvwlpdwlrq phwkrgv fdq eh xvhg wr hvwlpdwh wkh uhodwlrqvkls
ehwzhhq wkh yduldeohv/ lq wklv fdvh xuedql}dwlrq/ NDSZ dqg JGSZ1 Li/ krzhyhu/ dw ohdvw rqh ri wkh vhulhv
lv ghwhuplqhg wr eh qrq0vwdwlrqdu| wkhq pruh fduh lv uhtxluhg1
Wkh whvw zh xvh wr whvw iru vwdwlrqdulw| zdv uvw suhvhqwhg e| Lp/ Shvdudq dqg Vklq +4<<8,1 Lq wkhlu sdshu/
Lp/ Shvdudq dqg Vklq +LSV, suhvhqw d vwdwlvwlf whvwlqj wkh K3 ri qrq0vwdwlrqdulw| iru d yduldeoh revhuyhg lq
d sdqho1 Wkh vwdwlvwlf lv edvhg rq wkh dxjphqwhg Glfnh| Ixoohu +DGI, whvw zlgho| xvhg lq wkh wlph vhulhv
olwhudwxuh1 Uhfdoo wkdw wkh DGI whvw lq wkh wlph vhulhv fdvh fdq eh zulwwhq=
|w @ . |w4 . 	
sl
m@4m|wm . yw= +7,
Wkh qxoo k|srwkhvlv ri qrq0vwdwlrqdulw| lv zulwwhq= K3 =  @ 3 yhuvxv wkh Kd =  ? 31 Dq htxlydohqw zd|
wr h{suhvv wkh qxoo dqg dowhuqdwlyh k|srwkhvlv lv wr xvh wkh qrwdwlrq= K3 = | lv dq L+4, surfhvv yhuvxv wkh
Kd = | lv dq L+3, surfhvv1 +D wlph vhulhv ri rughu q/ zulwwhq L+q,/ lv d vhulhv zklfk pxvw eh glhuhqfhg q
wlphv lq rughu wr eh vwdwlrqdu|1, Dowkrxjk wklv vshflfdwlrq grhv qrw lqfoxgh d srvvleoh wlph wuhqg/ wkhuh
lv dq DGI whvw zklfk whvwv vwdwlrqdulw| jlyhq d wlph wuhqg1 Wklv qxoo k|srwkhvlv fdq eh whvwhg xvlqj d
w|sh ri w0vwdwlvwlf rq 1 Krzhyhu/ ehfdxvh xqghu wkh qxoo k|srwkhvlv/ wklv whvw vwdwlvwlf grhv qrw frqyhujh
4 Lqirupdoo|/ d vwdwlrqdu| yduldeoh lv rqh zklfk kdv qr whqgdqf| wr jurz frqwlqxdoo| ryhu wlph1 D vwdwlrqdu| yduldeoh kdv
qlwh yduldqfh dqg dq h{rjhqrxv vkrfn wr wkh vhulhv zloo eh irujrwwhq dv wlph frqwlqxhv dqg wkh vhulhv uhwxuqv wr lwv xqghuo|lqj
sdwk1
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lq glvwulexwlrq wr d qlfho| ehkdyhg udqgrp yduldeoh/ vshfldo wdeohv ri fulwlfdo ydoxhv kdyh ehhq frqvwuxfwhg
wkurxjk h{whqvlyh Prqwh Fduor vlpxodwlrq15
Lq wkh sdqho fdvh/ wkh txhvwlrq lv krz wr frpelqh lqirupdwlrq rq vwdwlrqdulw| ru qrq0vwdwlrqdulw| iru hdfk
lqglylgxdo furvv0vhfwlrq lqwr d frqfoxvlrq derxw wkh sdqho dv d zkroh1 Dvvxplqj wkdw wkh furvv0vhfwlrqv duh
lqghshqghqw/ LSV sursrvh wkdw wkh ehvw zd| wr frpelqh lqirupdwlrq lv wr dyhudjh wkh lqglylgxdo DGI w0whvw
vwdwlvwlfv/ wQW > dqg xvh wkh iroorzlqj surshuwlhv rq wkh phdq=
}QW @
s
Q+wQW H^wQW +s> 3,‘,s
Y du+wQW ,
g$ Q+3> 4,
}QW fdq eh frpsduhg wr fulwlfdo ydoxhv iru d rqh0vlghg Q+3> 4, glvwulexwlrq1 Wkh prphqwv ri wQW ghshqg rq
wkh qxpehu ri wlph vhulhv revhuydwlrqv dqg wkh dssursuldwh odj rughu iru hdfk furvv vhfwlrq1 LSV surylgh wkh
qhfhvvdu| wdeohv wr frqvwuxfw wkhvh prphqwv iru hdfk lqglylgxdo gdwd vhw1 Wkh vhohfwlrq ri wkh dssursuldwh
odj rughu iru wkh yduldeohv khuh iroorzv wkh surfhgxuh vxjjhvwhg e| Fdpsehoo dqg Shuurq +4<<4,1 Iru wkh
uhvxowv lq wklv fkdswhu/ wkh furvv0vhfwlrqv duh dvvxphg lqghshqghqw1
Li zh qg wkdw JGSZ dqg rqh ru erwk ri wkh yduldeohv NDSZ dqg xuedql}dwlrq duh qrq0vwdwlrqdu|/
wkhq zh fdq whvw wkh v|vwhp iru frlqwhjudwlrq1 Wkh uhvlgxdo0edvhg whvw iru frlqwhjudwlrq zh xvh frphv iurp
PfFrvnh| dqg Ndr +4<<;,1 Wkh whvw lv frqvwuxfwhg iurp wkh sduwldo vxpv ri wkh hvwlpdwhg uhvlgxdov ri d
uhjuhvvlrq htxdwlrq ri qrq0vwdwlrqdu| yduldeohv1 Lw lv d sdqho gdwd yhuvlrq ri wkh OP vwdwlvwlf sursrvhg e|
Kduulv dqg Lqghu +4<<7,1 Wkh suhflvh irup ri wkh whvw lv jlyhq=
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zkhuh Vlw lv wkh sduwldo vxp ri hvwlpdwhg uhvlgxdov
Vlw @
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dqg e’5l4=5 lv ghqhg lq PfFrvnh| dqg Ndr +4<<;,1
Wkh uhvlgxdov fdq eh hvwlpdwhg hlwkhu xvlqj ixoo| prglhg Hvwlpdwlrq +IP, ru g|qdplf ruglqdu| ohdvw
vtxduhv +GROV,1 6
Jlyhq dv|pswrwlf/ frqvlvwhqw hvwlpdwlrq ri wkh uhvlgxdov/ lw fdq eh vkrzq wkdw=
5Iru d vxppdu| ri whvwv dqg dssursuldwh fulwlfdo ydoxhv/ vhh Kdplowrq +4<<7, ss1 85;085</ ss :950:96 ru Ixoohu +4<:9, ss1
6:4/ 6:61
6Wkhuh lv vrph hylghqfh wkdw wkh IP phwkrg pd| eh pruh srzhuixo lq vpdoo gdwd vhwv exw wkh ghpdqgv rq wkh gdwd duh dovr
juhdwhu1 Zkhuh srvvleoh wkh IP hvwlpdwlrq lv xvhg dqg lv qrwhg vshflfdoo|1 Krzhyhu zkhuh wkh whvwhg frlqwhjudwlqj uhodwlrqvkls
frqwdlqv wzr uhjuhvvruv/ wkh GROV phwkrg lv xvhg lqfoxglqj wzr ohdgv dqg wzr odjv lq wkh hvwlpdwlrq1
8
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Wkxv/ dq dssursuldwho| qrupdol}hg yhuvlrq ri wkh vwdwlvwlf frqyhujhv wr d qrupdoo| glvwulexwhg udqgrp yduldeoh
zlwk phdq }hur1
Hvvhqwldoo|/ wklv whvw lv frpelqlqj hylghqfh iurp dyhudjlqj wkh OP vwdwlvwlf dfurvv wkh furvv0vhfwlrqv1
Wkh whvw lv rqh0vlghg= odujh ydoxhv ri OP fruuhvsrqg wr hvwlpdwlqj qrq0vwdwlrqdu| uhvlgxdov dqg zloo uhvxow
lq uhmhfwlrq ri wkh qxoo k|srwkhvlv ri frlqwhjudwlrq +htxlydohqw wr uhmhfwlqj wkh vwdwlrqdulw| ri wkh huuruv,1
Uhmhfwlrq ri OP frqfoxghv wkdw wkh dyhudjh ri wkh lqglylgxdo OP vwdwlvwlfv dfurvv wkh frxqwulhv lq wkh sdqho
lv idu dzd| iurp wkh phdq/ y/ frqvwuxfwhg xqghu wkh qxoo1
Lq wklv olplwlqj glvwulexwlrq/ y dqg 
5
y duh wkh phdq dqg yduldqfh/ uhvshfwlyho|/ ri d frpsoh{ ixqfwlrqdo
ri Eurzqldq prwlrq1 Wkhvh ydoxhv ghshqg rqo| rq wkh qxpehu ri uhjuhvvruv1 Wkh dssursuldwh ydoxhv iru xs
wr yh uhjuhvvruv fdq eh irxqg lq PfFrvnh| dqg Ndr +4<<;,1
61415 Uhvxowv iru Frlqwhjudwlrq Dprqj Qrq0wuhqghg Vhulhv
Lq wklv vhfwlrq/ zh dvvxph wkdw qrqh ri wkh lqglylgxdo vhulhv zh lqfoxgh lq rxu prgho frqwdlqv d wuhqg1 Wkxv/
lw lv dvvxphg iru hdfk vhulhv/ |l wkdw H+|lw, @ 3= Wklv phdqv wkdw hdfk vhulhv frxog frqwdlq d qrq0}hur
lqwhufhsw exw qrw d wlph wuhqg1 Wr whvw wkh wkuhh vhulhv ri xuedql}dwlrq/ NSZ dqg JGSZ iru vwdwlrqdulw| lq
rxu sdqhov ri ghyhorshg dqg ghyhorslqj frxqwulhv/ zh fdq xvh wkh DGI whvw jlyhq lq htxdwlrq 7 wr frqvwuxfw
wkh dssursuldwh }QW =
Wkh }QW iru wklv vhw ri srrohg uhvxowv duh dv iroorzv=
Xuedql}dwlrq NSZ JGSZ
Jurxs 4 51;79;;63 0516875656 31396<95<49
Jurxs 5 0416584665 4136::4<6 03155:4936:
Dv lw lv d rqh0vlghg whvw/ d vwdwlvwlf ohvv wkdq 041978 zrxog fdxvh uhmhfwlrq ri wkh qxoo ri qrq0vwdwlrqdulw|1
Wkh rqo| vhulhv zklfk zrxog uhmhfw wkh qxoo lv fdslwdo vwrfn shu zrunhu lq ghyhorslqj frxqwulhv1 Lqglylgxdo
frxqwu| uhvxowv duh jlyhq lq Wdeohv 5061 Doo uhvxowv iurp wkh sdqho whvwlqj duh vxppdul}hg lq Wdeoh 41
Wklv uhvxow lv txlwh lqwhuhvwlqj dqg xqghuolqhv wkh qhfhvvlw| ri glylglqj wkh frxqwulhv lqwr wzr jurxsv1
Zkloh erwk jurxsv kdyh JGSZ dqg Xuedql}dwlrq ohyhov zklfk vhhp wr eh frqwlqxdoo| jurzlqj ryhu wlph/
rqo| wkh vhw ri ghyhorshg frxqwulhv h{shulhqfhv vxfk jurzwk lq fdslwdo shu zrunhu1 Wklv uhvxow vhhpv wr
djuhh qlfho| zlwk zkdw zh pljkw suhglfw derxw rqh ri wkh ixqgdphqwdo glhuhqfhv ehwzhhq ghyhorslqj dqg
ghyhorshg frxqwulhv= wkh delolw| wr dffxpxodwh fdslwdo1
9
Jlyhq wkhvh uhvxowv rq vwdwlrqdulw|/ wkh uhjuhvvlrq htxdwlrqv fdq eh zulwwhq7=
Jurxs 4=
oq\ lw @ l . l oqN

lw . l oqXlw . %lw
L+4, L+3, L+4,
+9,
Jurxs 5=
oq\ lw @ l . l oqN

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L+4, L+4, L+4,
+:,
Jlyhq wkdw wkh uhjuhvvruv duh qrw wkhpvhoyhv frlqwhjudwhg/ d frlqwhjudwlqj uhodwlrqvkls dv vshflhg e|
htxdwlrq 9 dqg htxdwlrq : fdq eh whvwhg18
Ehfdxvh wkh whvw iru frlqwhjudwlrq lv edvhg rq hvwlpdwhg uhvlgxdov/ wkh sdudphwhu hvwlpdwhv duh uhsruwhg
vlpxowdqhrxv wr frqvwuxfwlqj wkh whvw vwdwlvwlf1 Wkh lqglylgxdo OP whvw vwdwlvwlfv duh uhsruwhg lq Wdeohv 7
dqg 9 dqg wkh lqglylgxdo sdudphwhu hvwlpdwhv duh uhsruwhg lq Wdeohv 8 dqg :1 Ruljlqdoo| wkh whvw ri wkh
qxoo k|srwkhvlv ri frlqwhjudwlrq/ OP / zdv sursrvhg iru xvh lq wkh olwhudwxuh dv wkh whvw ri wkh qxoo ri qr
frlqwhjudwlrq zdv wkrxjkw wr kdyh orz srzhu1 Wkhuhiruh/ lw pd| eh xvhixo wr fkhfn wkh lqglylgxdo wlph vhulhv
uhvxowv djdlqvw wkh lqglylgxdo DGI whvw vwdwlvwlfv iru wkh qxoo ri qr frlqwhjudwlrq1 Wkh DGI whvw ri wkh qxoo
ri qr frlqwhjudwlrq lv dqdorjrxv wr wkh DGI whvw iru xqlw urrwv iurp htxdwlrq +7,/ h{fhsw wkdw wkh whvw lv qrz
edvhg rq hvwlpdwhg uhvlgxdov iru wkh huuru whupv1 Wkh fulwlfdo ydoxhv ri wkh whvw ghshqg rq wkh hvwlpdwlrq
dqg duh qr orqjhu wkh vdph dv wkrvh iru wkh xqlw urrw whvw1 Xvlqj d 8( fulwlfdo ydoxh iru wkh DGI whvw ri
wkh qxoo ri qr frlqwhjudwlrq zlwk wzr uhjuhvvruv iurp Skloolsv dqg Rxoldulv +4<<3,/ 6=:8:9/ wkh qxoo ri qr
frlqwhjudwlrq lv uhmhfwhg iru rqo| wzr frxqwulhv1 Wkhvh lqglylgxdo DGI uhvxowv duh dovr uhsruwhg lq Wdeohv 7
dqg 91
7Wkh wkhru| ri whvwlqj iru frlqwhjudwlrq lv dssolfdeoh rqo| xqghu wkh dvvxpswlrq wkdw wkh lqghshqghqw yduldeohv wkhpvhoyhv
duh qrw frlqwhjudwhg1 Wkhuhiruh/ wkh qh{w vwhs lv wr whvw iru d frlqwhjudwlqj uhodwlrqvkls ehwzhhq wkh yduldeohv *?gW
|
dqg *?L|
Iru wkh uhjuhvvlrq zlwk Jurxs 4/ wkh yduldeohv fdqqrw eh frlqwhjudwhg ehfdxvh wkh qdwxudo orj ri fdslwdo shu zrunhu lv vwdwlrqdu|1
Krzhyhu/ zlwk Jurxs 5 wkh wzr yduldeohv pd| eh frlqwhjudwhg dqg d uhvlgxdo edvhg whvw pxvw eh grqh1 Wkh iroorzlqj uhodwlrqvkls
lv whvwhg=
*?L| '  n B *?g
W
|
n >
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Wklv whvw lv frqvwuxfwhg xvlqj >

dqg j2

htxdo wr S2 dqg ffb/ uhvshfwlyho|/ iurp PfFrvnh| dqg Ndr +4<<;, iru frqvwuxfwlrq
ri wkh whvw zlwk rqh uhjuhvvru1 Wkh qxoo k|srwkhvlv ri frlqwhjudwlrq ehwzhhq fdslwdo shu zrunhu dqg xuedql}dwlrq lv uhmhfwhg iru
Jurxs 5 zlwk u ' HeS2/ idu dzd| iurp wkh rqh0vlghg fulwlfdo ydoxh ri SeD1 Lq wklv fdvh/ zlwk rqh uhjuhvvru/ hvwlpdwlrq zdv
grqh zlwk wkh ixoo| prglhg surfhgxuh1
8Iru pruh ghwdlov rq wkh orj wudqvirupdwlrq lq wlph vhulhv dqdo|vlv/ vhh Edqhumhh +4<<7, s14<504<<1
:
Lw lv fohdu iurp wkh uhvxowv lq Wdeohv 7 dqg 9 wkdw orz srzhu lv dq lvvxh zlwk erwk wkh wlph vhulhv uhvxowv
iru wkh OP dqg DGI whvwv iru frlqwhjudwlrq1 Lq idfw lq rqo| d ihz fdvhv fdq wkh qxoo eh uhmhfwhg zlwk hlwkhu
whvw1 Wkxv/ frxqwu| e| frxqwu| zh fdqqrw uhmhfw hlwkhu qxoo1 Wkh orz srzhu ri wkh whvwv lv d pdmru prwlydwlrq
iru srrolqj gdwd lqwr d sdqho1 Zkhq zh srro rxw uhvxowv/ iru Jurxs 4/ wkh qxoo k|srwkhvlv ri frlqwhjudwlrq
fdqqrw eh uhmhfwhg zlwk OP @ 8=74991
Frqvlghu wkh sdudphwhu hvwlpdwhv iru Jurxs 41 Dv wkh OP whvw vwdwlvwlf kdv idlohg wr uhmhfw wkh qxoo
k|srwkhvlv ri frlqwhjudwlrq/ wkh yhfwru ri hvwlpdwhg frh!flhqwv fdq eh lqwhusuhwhg dv wkh srwhqwldo frlq0
whjudwlqj yhfwru ri wkh v|vwhp1 Wkhvh hvwlpdwhv fdq eh lqwhusuhwhg dv orqj uxq lpsdfwv1 Frqvlghulqj wkh
hvwlpdwhg sdudphwhuv lq Wdeoh 8/ lw lv hqfrxudjlqj wr qrwh/ wkdw iru prvw fdvhv/ wkh frh!flhqw l> zklfk fdq
eh lqwhusuhwhg dv wkh hodvwlflw| ri rxwsxw shu zrunhu zlwk uhvshfw wr fdslwdo shu zrunhu/ lv srvlwlyh1 Lq doprvw
526 ri wkh fdvhv/ wkh hvwlpdwhg sdudphwhu olhv ehwzhhq 3 dqg 4 zklfk lv frqvlvwhqw zlwk wkh prgho vshfl0
fdwlrq/ dowkrxjk 43 ri wkh 49 vljqlfdqw hvwlpdwhv duh juhdwhu wkdq 41 Rqo| Shux kdv d vljqlfdqw hvwlpdwh
iru wkh hodvwlflw| ohvv wkdq 31 Lw lv dovr lqwhuhvwlqj wr qrwh wkdw h{dfwo| kdoi/ ru iwhhq ri wkh wkluw| frxqwulhv
kdyh qhjdwlyh hvwlpdwhv iru l1 48 ri wkh 63 hvwlpdwhv iru l duh vljqlfdqw zlwk : ri wkh 48 ohvv wkdq 3 dqg ;
juhdwhu wkdq 31 D qhjdwlyh l zrxog phdq d qhjdwlyh hodvwlflw| ri rxwsxw zlwk uhvshfw wr xuedql}dwlrq1 Wkh
uhvxow lv lqwhuhvwlqj zlwklq wkh frqwh{w ri wkh ghedwh ri zkhwkhu ru qrw ghyhorslqj frxqwulhv kdyh ehfrph
ryhuxuedql}hg1:
Wkh uhvxowv iru wkh whvwlqj rq Jurxs 5 duh vlplodu= wkh qxoo k|srwkhvlv ri frlqwhjudwlrq fdqqrw eh uhmhfwhg
zlwk OP @ 7=:75:1 Uhvxowv iru lqglylgxdo whvwlqj/ erwk OP dqg DGI whvw vwdwlvwlfv duh surylghg lq
Wdeoh 9 iru Jurxs 51 Sdudphwhu hvwlpdwhv duh surylghg lq Wdeoh :1 Lq wklv Jurxs/ 43 rxw ri wkh 55 hvwlpdwhv
iru xuedql}dwlrq duh vljqlfdqw zlwk rqo| 6 ri wkrvh ohvv wkdq 31 Iru wkh hvwlpdwhv rq NDSZ/ 46 rxw ri 55
duh vljqlfdqw zlwk qrqh ri wkh vljqlfdqw hvwlpdwhv ohvv wkdq 3 dqg rqo| 7 juhdwhu wkdq 41
Jlyhq rxu surgxfwlrq ixqfwlrq vshflfdwlrq/ wkhuh lv dq fohduo| lpsruwdqw olqn ehwzhhq l> l dqg rxwsxw
shu zrunhu1 Lq sduwlfxodu/ iru frxqwulhv zkhuh l ? 3/ wkhuh lv dq dgghg lpshudwlyh iru fdslwdo dffxpxodwlrq
lq rughu wr vhh jurzwk lq rxwsxw shu zrunhu1 Vwduwlqj zlwk wkh surgxfwlrq ixqfwlrq
9>

dqg j2

htxdo wr fHDf dqg ffDD/ uhvshfwlyho|/ duh xvhg dv wkh phdq dqg yduldqfh iru wzr uhjuhvvruv dqg duh uhsruwhg lq
PfFrvnh| dqg Ndr +4<<;,
: Li zh uhmhfw frlqwhjudwlrq wkhq zh hqfrxqwhu wkh sureohp ri hvwlpdwlqj d vsxulrxv uhjuhvvlrq1 Dv glvfxvvhg lq Judqjhu
dqg Qhzerog +4<:7, dqg Skloolsv +4<;9,/ d vsxulrxv uhjuhvvlrq ri wzr lqghshqghqw qrq0vwdwlrqdu| vhulhv zloo whqg wr vkrz
d vljqlfdqw uhodwlrqvkls zkhq qrqh h{lvwv1 Wkh sureohp jhwv zruvh dv wkh wlph glphqvlrq lqfuhdvhv1 Lq wkh devhqfh ri
frlqwhjudwlqj uhodwlrqvkls/ wkh vshflfdwlrq lv vsxulrxv1 D vsxulrxv uhjuhvvlrq kdv wkh iroorzlqj fkdudfwhulvwlfv= +d, hvwlpdwhv
duh qrw frqvlvwhqw dqg frqyhujh wr udqgrp yduldeohv/ qrw frqvwdqwv> +e, ROV w dqg I vwdwlvwlfv glyhujh> +f, U2 pd| qrw whqg wr
f1 Wkxv/ fdxwlrq lv vxjjhvwhg zkhq lqwhusuhwlqj uhvxowv iurp vsxulrxvo| hvwlpdwhg uhjuhvvlrqv1
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Zh vhw g\ lw @ 3 wr qg wkh wudgh0r ehwzhhq gX dqg gN
 qhfhvvdu| wr krog rxwsxw frqvwdqw1 Lw fdq eh
vkrzq wkdw
gN @ +l
l
N
X
,gX=
Lw fdq eh vhhq gluhfwo|/ dqg lv txlwh lqwxlwlyh/ wkdw odujhu qhjdwlyh ydoxhv ri l uhtxluh odujhu ohyhov ri fkdqjh
lq fdslwdo dffxpxodwlrq shu zrunhu iru hfrqrplf jurzwk1 Wkxv iru ghyhorslqj frxqwulhv/ ryhuxuedql}dwlrq
kdv d yhu| vlplodu hhfw dv kljk eluwk udwhv lq whupv ri ixwxuh hfrqrplf jurzwk1 Iru frxqwulhv zkhuh l A 3>
frxqwulhv fdq h{shulhqfh ghfuhdvhv lq fdslwdo shu zrunhu dqg |hw vwloo h{shulhqfh jurzwk lq rxwsxw wkurxjk
wkh srvlwlyh hhfwv ri xuedql}dwlrq1
Krz vkrxog rqh lqwhusuhw wkh idloxuh wr uhmhfw wkh qxoo k|srwkhvlv ri frlqwhjudwlrqB Vwdwlvwlfdoo| vshdnlqj/
wkh idloxuh wr uhmhfw wkh qxoo phdqv wkdw zh fdqqrw uxoh rxw d orqj uxq uhodwlrqvkls ehwzhhq wkh qdwxudo orj
ri UJGSZ/ NDSZ dqg xuedql}dwlrq ohyhov iru hlwkhu ghyhorshg ru ghyhorslqj frxqwulhv1 Wklv uhvxow vhhpv
txlwh surplvlqj iru ixuwkhu lqyhvwljdwlrq ri g|qdplf xuedq prghov1
Dowkrxjk zh fdqqrw uhmhfw frlqwhjudwlrq lq wkh prgho deryh/ zh pd| zdqw wr frqvlghu d srvvleoh vshf0
lfdwlrq sureohp lq rxu dvvxpswlrq wkdw rxu vhulhv gr qrw frqwdlq d wlph wuhqg1 Wklv dvvxpswlrq pd| eh
ryhuo| uhvwulfwlyh1 Zh dgguhvv wklv frqvlghudwlrq lq wkh qh{w vhfwlrq1
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Lq wkh suhylrxv vhfwlrq zh dvvxphg wkdw qrqh ri wkh vhulhv frqwdlqhg d wlph wuhqg dqg irxqg wkdw zlwk
wklv vshflfdwlrq frlqwhjudwlrq fdqqrw eh uhmhfwhg1 Lq wklv vhfwlrq/ zh dvvxph wkdw wkh vhulhv gr frqwdlq
wlph wuhqgv1 Lqfoxglqj d wlph wuhqg lq wkh sdwk ri d qrq0vwdwlrqdu| fdq eh dsshdolqj lqwxlwlyho|1 Ehfdxvh
wkh yduldeohv duh lq qdwxudo orj irup/ wkh uhvxowv iru wkh vhulhv zklfk duh L+4, duh hdvlo| lqwhusuhwhg1 Wkh
ghvljqdwlrq ri L+4, lpsolhv wkdw glhuhqflqj wkh gdwd rqfh zloo uhvxow lq d vwdwlrqdu| vhulhv1 Wkxv/ iru h{dpsoh/
li oqXlw fdq eh zulwwhq dv=
oqXlw @ l . oqXlw4 . )lw
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Lq rwkhu zrugv/ oqXlw ghvfulehv wkh jurzwk udwh ri xuedql}dwlrq dqg wklv jurzwk udwh lv vwdwlrqdu| dqg
ydulhv durxqg d frqvwdqw phdq/ l1 Lq wklv fdvh/ l uhsuhvhqwv rxu wlph wuhqg1
Wkh uvw dgmxvwphqw zh pxvw pdnh xqghu wklv qhz dvvxpswlrq lv wr uhylvlw wkh LSV whvw/ dqg uhwhvw JGSZ/
wklv wlph lqfoxglqj d wlph wuhqg lq wkh whvw iru vwdwlrqdulw|1 Wkh udwlrqdoh lv dv iroorzv= lq hvvhqfh/ li zh dvvxph
wkdw hdfk vhulhv lqfoxghv d wlph wuhqg/ wkhq wkhvh wuhqgv dv|pswrwlfdoo| grplqdwh dqg wkh frlqwhjudwlrq
uhjuhvvlrq lv uhgxfhg wr d whvw iru qrq0vwdwlrqdulw| lqfoxglqj d wlph wuhqg1 Wkxv wkh frlqwhjudwlqj uhjuhvvlrq
ehwzhhq wkh wkuhh vhulhv froodsvhv lqwr d whvw iru qrq0vwdwlrqdulw| rq JGSZ1 ; Wkh DGI vshflfdwlrq fdq
eh zulwwhq dv iroorzv=
|w @ . |w4 . w.	
sl
m@4m|wm . yw= +;,
Li hdfk vhulhv lv qrq0vwdwlrqdu| derxw d wuhqg/ wkhq wkh wuhqg lwvhoi zloo ehfrph pruh lpsruwdqw lq wkh
orqj uxq uhodwlrqvkls wkdq yduldwlrqv derxw wkh wuhqg1 E| froodsvlqj wkh frlqwhjudwlrq uhjuhvvlrq wr d whvw
ri qrq0vwdwlrqdulw| rq d vhulhv lw ehfrphv fohdu krzhyhu/ wkdw lqwhusuhwdwlrq ri wkh uhodwlrqvkls lv gl!fxow1
Lq wklv fdvh/ hyhq li JGSZ lv vwdwlrqdu| derxw d wuhqg/ wkh uhvxowv fdqqrw whoo xv pruh derxw zkhuh wkh
wuhqg lwvhoi lv frplqj iurp1 Zh jdlq qr lqirupdwlrq derxw wkh srwhqwldo lpsruwdqfh ri hlwkhu xuedql}dwlrq
ru NDSZ1 Wkh uhvxowv iurp wkh whvwlqj jlyhq lq Wdeoh 4 vkrz wkdw iru Jurxsv 4 dqg 5 uhvshfwlyho|/ wkh
}QW duh 6194<7 dqg 0417344/ vkrzlqj wkdw/ xqghu wkhvh dvvxpswlrqv/ zh fdqqrw uhmhfw wkh qxoo k|srwkhvlv ri
qrq0vwdwlrqdulw|1
615 Furvv0Vhfwlrq Uhvxowv dqg Dyhudjh Hhfwv
61514 Whvwlqj iru Dyhudjh Hhfwv
Wkh uhvxowv iurp wkh deryh frlqwhjudwlrq dqdo|vlv vkrxog eh frqvlghuhg lq frqwudvw wr pruh wudglwlrqdo furvv0
vhfwlrq uhvxowv1 Lq idfw/ wkh wzr w|shv ri vwxglhv vhhp wr eh dqvzhulqj yhu| glhuhqw txhvwlrqv1 Wkh furvv
vhfwlrq vwxglhv wudglwlrqdoo| dwwhpsw wr qg dyhudjh orqj uxq hhfwv udwkhu wkdq h{dplqlqj vshflf sdwkv ri
;Iru pruh ghwdlov vhh Kdplowrq ss1 8<908<:1
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glhuhqw frxqwulhv1 Lq Shvdudq dqg Vplwk +4<<8, wzr phwkrgv duh jlyhq wr frqvlvwhqwo| hvwlpdwh wkhvh orqj
uxq dyhudjhv lq wkh suhvhqfh ri frlqwhjudwlqj uhodwlrqvklsv1
Wkh uvw phwkrg lv jlyhq dv vlpso| wdnlqj wkh dyhudjh dfurvv wkh lqglylgxdo sdudphwhu hvwlpdwhv iru hdfk
furvv vhfwlrq1 Wkxv
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Wkh vhfrqg vxjjhvwhg phwkrg lqyroyhv hvwlpdwlqj d furvv vhfwlrq uhodwlrqvkls ehwzhhq wkh dyhudjhv/ dfurvv
wlph/ ri wkh jurxsv1 Wkxv wkh hvwlpdwhg uhjuhvvlrq lv ghqhg dv
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Doo ri wkh yduldeohv duh djdlq lq orjv1 Lq wklv vshflfdwlrq/ wkh hvwlpdwhv zloo eh frqvlvwhqw1 Krzhyhu
wkh xvxdo vwdqgdug huuruv duh qrw ydolg1 Shvdudq dqg Vplwk vxjjhvw Zklwh*v khwhurvnhgdvwlflw|0frqvlvwhqw
vwdqgdug huuruv1 Lw vkrxog eh qrwhg wkdw xvlqj wkh furvv0vhfwlrq dssurdfk wr hvwlpdwh dyhudjh hhfwv kdv rqh
pdmru glvdgydqwdjh ryhu wkh g|qdplf dssurdfk= lq wklv dssurdfk wkh uhjuhvvruv duh dvvxphg wr eh vwulfwo|
h{rjhqrxv1 Erwk wkh g|qdplf dqg furvv0vhfwlrq dssurdfkhv uhtxluh lqghshqghqfh dfurvv wkh furvv0vhfwlrqv
iru wkh dv|pswrwlf uhvxowv wr krog1
Shvdudq dqg Vplwk gr surylgh dq lpsruwdqw fdxwlrq iru wkrvh vwxglhv zkhuh yhu| vkruw wlph shulrgv duh
xvhg wr hvwlpdwh dyhudjh hhfwv +vxfk dv wkh vwulfw furvv0vhfwlrq dssurdfk,/ vxfk hvwlpdwlrqv duh olnho| wr
eh eldvhg ru lqfrqvlvwhqw1 Wkxv/ hyhq lq wklv furvv0vhfwlrq dssurdfk/ wkh wlph glphqvlrq ri wkh sdqho lv
fuxfldo1
61515 Uhvxowv iru Dyhudjh Hhfwv
Dyhudjh ri wkh hvwlpdwhg sdudphwhuv Iroorzlqj wkh jxlgholqhv e| Shvdudq dqg Vplwk/ rxu uvw phwkrg
ri dyhudjlqj wkh lqglylgxdo hvwlpdwhg frh!flhqwv iru Xuedql}dwlrq dqg NSZ dfurvv wkh furvv vhfwlrqv |lhogv
wkh iroorzlqj uhvxowv=
44
Jurxs 4 Jurxs 5
Xuedql}dwlrq 3=7:93 4=5;68
+4=5;89, +4=35<4,
NDSZ 3=:;5; 3=93<9
+3=4775, +3=44;4,
Wkh vwdqgdug huuruv uhsruwhg duh fdofxodwhg xqghu wkh dvvxpswlrq wkdw wkh furvv vhfwlrqv duh lqghshqghqw dqg
xvlqj wkh xvxdo surshuwlhv rq yduldqfhv ri wkh dyhudjh ri lqghshqghqw udqgrp yduldeohv/ l1h1 Y du+ 4
q
	ql@4[l, @
4
q5
	ql@4Y du+[l,=
Dw uvw jodqfh lw lv glvdssrlqwlqj wr uhdol}h wkdw iru qhlwkhu jurxs lv wkh frh!flhqw rq xuedql}dwlrq ixuwkhu
wkdq wzr vwdqgdug ghyldwlrqv dzd| iurp 3/ krzhyhu zkhq frqvlghulqj wkh hvwlpdwhv rq zklfk wklv lv edvhg
vxfk dq lqfrqfoxvlyh uhvxow lv suhglfwdeoh1 Zkhq wkh ruljlqdo hvwlpdwhv zhuh grqh lq erwk jurxsv wkh vdpsoh
zdv doprvw vsolw zlwk erwk srvlwlyh dqg qhjdwlyh frh!flhqwv rq xuedql}dwlrq1 Wkh uhvxow rq NDSZ lv pxfk
fohduhu0lq erwk fdvhv wkh frh!flhqw lv srvlwlyh dqg dw ohdvw wzr vwdqgdug ghyldwlrqv dzd| iurp }hur1
Ghwhuplqlqj wkh h{dfw irup ri wkh glvwulexwlrq ri wkh dyhudjh ri q w0vwdwlvwlfv lv d elw xqfohdu lq wkh fdvh
ri Jurxs 5 zlwk rqo| 55 revhuydwlrqv1 Krzhyhu vlqfh Jurxs 4 kdv 63 furvv0vhfwlrqv zh frxog dssur{lpdwh
wkh glvwulexwlrq xvlqj d irup ri wkh fhqwudo olplw wkhruhp1 Iru pruh ghwdlov vhh Gxghzlf} +4<;;, s1 655 rq
Olqghehuj*v frqglwlrqdo fhqwudo olplw wkhruhp1
Dyhudjh Furvv0Vhfwlrq Uhvxowv Xvlqj wkh vhfrqg phwkrg vxjjhvwhg dqg frqvwuxfwlqj dyhudjhv dfurvv
wlph dqg xvlqj ROV/ zh rewdlq wkh iroorzlqj uhvxowv=
Jurxs 4 Jurxs 5
Xuedql}dwlrq 3=;<87 3=884<
+3=4797, +3=5353,
+3=<<66, +:=55:8,
NDSZ 3=499; 3=87:<
+3=38<:, +3=3;93,
+3=5:4:, +5=<9;5,
=
Wkh uvw vhw ri vwdqgdug huuruv uhsruwhg duh wkrvh iurp wkh ruljlqdo ROV hvwlpdwlrq> wkh vhfrqg vhw ri vwdq0
gdug huuruv uhsruwhg duh fdofxodwhg iurp Zklwh*v khwhurvnhgdvwlflw| frqvlvwhqw hvwlpdwru yduldqfh0fryduldqfh
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pdwul{1
Wkh uhvxowv iurp wklv hvwlpdwlrq/ zkhq wdnhq zlwk wkh vhfrqg vhw ri vwdqgdug huuruv frlqflghv vwurqjo|
zlwk wkh suhylrxv uhvxowv zlwk uhjdugv wr xuedql}dwlrq1 Lq qhlwkhu fdvh lv xuedql}dwlrq vljqlfdqwo| glhuhqw
iurp 31 Krzhyhu/ lq wklv hvwlpdwlrq/ wkh uhvxowv rq NDSZ duh dovr lqfoxvlyh1
Lw lv fohdu wkdw xvlqj Zklwh*v khwhurvnhgdvwlflw| frqvlvwhqw hvwlpdwru fruuhfwlrqv iru wkh vwdqgdug huuruv
pdnhv dq hqruprxv glhuhqfh lq wkh lqwhusuhwdwlrq ri wkh uhvxowv/ hvshfldoo| lq wkh fdvh ri Jurxs 51 Wkh ROV
vwdqgdug huuruv zrxog fdxvh xv wr frqfoxgh wkdw doo hvwlpdwhv duh srvlwlyh dqg vljqlfdqwo| glhuhqw iurp 3
edvhg rq wkh hvwlpdwhv iru vwdqgdug huuruv1 Lw lv lqwhuhvwlqj wr qrwh wkdw ghvslwh wkh lqfrqfoxvlyh uhvxowv rq
wkh sdudphwhuv/ wkh hvwlpdwhg U5 iru Jurxs 4 lv 31;7; dqg Jurxs 5 31:;:1
Zkhq wdnhq dv d zkroh/ wkhvh uhvxowv vhhp wr vxssruw wkdw dyhudjh hhfwv ri wkh hodvwlflw| ri fdslwdo shu
zrunhu zlwk uhvshfw wr rxwsxw wr zrunhu srvlwlyh1 Wklv uhvxow lv qlfh exw qrw yhu| jurxqgeuhdnlqj1 Zlwk
uhjdug wr xuedql}dwlrq/ wkh uhvxowv duh pxfk ohvv frqfoxvlyh1 Lq idfw edvhg rq wkh lqdelolw| ri wkh hvwlpdwhv wr
ghwhuplqh hyhq wkh vljq rq wkh dyhudjh hhfw ri wkh hodvwlflw| ri xuedql}dwlrq zh frqfoxgh wkdw dwwhpswlqj
wr hvwlpdwh vxfk dq dyhudjh hhfw pd| eh plvjxlghg0edvhg rq rxu g|qdplf vwxglhv lw vhhpv fohdu wkdw
wkh lpsdfw ri xuedql}dwlrq ydulhv juhdwo| dfurvv wkh furvv0vhfwlrqv1 Vxfk dq lqglylgxdol}hg lpsdfw/ zklfk
pd| ghshqg fuxfldoo| rq lqwhuqdo hfrqrplf dqg srolwlfdo vwuxfwxuh/ fdq eh ehvw fdswxuhg lq wkh g|qdplf/
khwhurjhqhrxv dssurdfk1
7 Frqfoxvlrq
Xuedq hfrqrplvwv kdyh ehhq dq{lrxv wr olqn rxwsxw dqg phdvxuhv ri xuedql}dwlrq1 Flwlhv irup/ lw lv dvvxphg/
lq uhvsrqvh wr pdunhw irufhv lq surgxfwlrq1 Lq wklv hvvd| dq dwwhpsw lv pdgh wr slq grzq wkh h{dfw uhodwlrqvkls
ehwzhhq xuedql}dwlrq dqg rxwsxw ryhu wlph xvlqj uhvxowv iurp wkh wlph vhulhv olwhudwxuh dqg qrq0vwdwlrqdu|
sdqho gdwd olwhudwxuh1 D wudglwlrqdo frqvwdqw uhwxuqv wr vfdoh Free Grxjodv surgxfwlrq ixqfwlrq lv vshflhg
zlwk xuedql}dwlrq dv d vkliw idfwru1 Wkh uhvxowv vkrz fohduo| wkdw wklv vshflfdwlrq fdqqrw eh uhmhfwhg dqg
pd| eh xvhixo lq xqghuvwdqglqj orqj uxq jurzwk1 Krzhyhu/ hyhq li xuedql}dwlrq lv fuxfldo wr jurzwk/ rxu
uhvxowv vkrz wkdw wkh lpsdfw ri xuedql}dwlrq ydulhv juhdwo| dfurvv frxqwulhv dqg wkhuhiruh dwwhpswv wr lghqwli|
ru hyhq ghwhuplqh wkh vljq ri orqj uxq hhfwv pd| eh plvjxlghg1
Wkhuh duh rwkhu lpsruwdqw uhvxowv iurp wklv vwxg| dv zhoo1 Whvwlqj suhvhqwhg khuh vkrzv wkdw wkh qdwxudo
orjv ri xuedql}dwlrq dqg JGS shu zrunhu duh qrq0vwdwlrqdu| iru wkh jurxs ri ghyhorslqj frxqwulhv dqg iru
ghyhorshg frxqwulhv/ wkh qdwxudo orjv ri JGS shu zrunhu/ fdslwdo shu zrunhu dqg xuedql}dwlrq duh doo qrq0
vwdwlrqdu|1 Vhulrxv vwxglhv ri wkh g|qdplf uhodwlrqvkls ehwzhhq jurzwk lq JGS dqg xuedql}dwlrq vkrxog
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wdnh khhg ri wkhvh uhvxowv> rwkhuzlvh/ hvwlpdwlrq pd| eh vsxulrxv1 Lq dgglwlrq/ xvlqj uhvxowv iurp Shvdudq
dqg Vplwk/ lw vkrxog dovr eh phqwlrqhg wkdw hvwlpdwlqj dyhudjh orqj uxq hhfwv zlwk d vlpsoh furvv0vhfwlrq
pd| eh eldvhg ru lqfrqvlvwhqw1 Lw lv fohdu wkdw xvlqj uhvxowv iurp wkh wlph vhulhv olwhudwxuh dqg g|qdplf sdqho
olwhudwxuh pd| juhdwo| idflolwdwh rxu xqghuvwdqglqj ri wkh lqwhuvhfwlrq ri xuedql}dwlrq dqg jurzwk1
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Wdeoh 4= Sdqho Gdwd Whvw Uhvxowv
LSV WHVW
Zlwkrxw wlph wuhqg
Jurxs 4
Xuedq 51;79< Idlo wr uhmhfw
NSZ 0516875 Uhmhfw dw 138
JGSZ 31397 Idlo wr uhmhfw
Jurxs 5
Xuedq 0416584 Idlo wr uhmhfw
NSZ 4136:: Idlo wr uhmhfw
JGSZ 03155:5 Idlo wr uhmhfw
Zlwk d wlph wuhqg
Jurxs 4
JGSZ 6194<7 Idlo wr uhmhfw
Jurxs 5
JGSZ 0417344 Idlo wr uhmhfw
SDQHO OP WHVW
Jurxs 4
+JGSZ/ NDSZ/ Xuedq,
0817849 Idlo wr uhmhfw
Jurxs 5
+JGSZ/ NDSZ/ Xuedq,
071:75: Idlo wr uhmhfw
+NDSZ/ Xuedq,
;17695 Uhmhfw dw 134
4:
Wdeoh 5= Lqglylgxdo DGI w0vwdwv= Jurxs 4
Xuedql}dwlrq NSZ JGSZ
Dujhqwlqd 0516484 0519659- 05158;5
Erolyld 316:59 0514468 05157:<
Fkloh 0614<5:-- 0513337 051;8<;-
Froxpeld 0616945-- 051584; 0516987
Frwh G*Lyrluh 0517<63 0419979 041<3;5
Grplqlfdq Uhsxeolf 041<4;5 041845< 041:;;3
Hfxdgru 03156<3 0513657 0417;65
Jxdwhpdod 041876< 041<9;3 05157<:
Krqgxudv 061<896-- 051735; 041<7:9
Lqgld 41446; 0614<:4-- 615365
Ludq 05146<: 0419356 0417937
Mdpdlfd 03189<8 0516377 0516659
Nhq|d 031;84; 0318984 041<9;;
Pdgdjdvfdu 513878 051;96;-- 0314;8:
Pdodzl 0315977 0513587 041:45<
Ph{lfr 061;745-- 041:7:8 0517458
Pruurffr 0417<;; 051439; 041;969
Qljhuld 051<<;4-- 041:59< 0514955
Sdqdpd 317975 051357< 05143<5
Sdudjxd| 317596 04177<< 0418<<6
Shux 041767< 0513;98 031975:
Skloolsslqhv 31496: 041<465 0419:74
Vlhuud Ohrqh 031:3;: 0519737- 041<586
Vul Odqnd 051<785-- 0318;9; 313<66
V|uld 031673< 031<;67 051797;
Wkdlodqg 314;4; 041:977 31544<
Wxunh| 041946: 0513773 051366<
Yhqh}xhod 041:567 041:99; 41737;
]dpeld 0419647 0315<78 0315894
]lpedezh <14<;4 0413789 0513773
Qrwhv=
+d, Odj Rughuv fdofxodwhg iru hdfk frxqwu| dffruglqj wr Fdpshoo dqg Shuurq +4<<4,1
+e, Fulwlfdo ydoxhv dw wkh 8 +--, dqg 43 +-, shufhqw ohyho= 051<6:34/ 0519484; iurp JDXVV1
4;
Wdeoh 6= Lqglylgxdo DGI w0vwdwv= Jurxs 5
Xuedql}dwlrq NSZ JGSZ
Dxvwudold 0617;;8-- 31:78< 0415:<7
Dxvwuld 31768: 05163<7 051;5<<-
Ehojlxp 31547< 041;743 051699:
Fdqdgd 051;:<9- 419346 031379<
Ghqpdun 051937: 0519:98- 0415394
Ilqodqg 05196;3- 041:<5; 031<766
Iudqfh 0613:45-- 04176:4 0516;8
Ihghudo Uhsxeolf Jhupdq| 0614769-- 0519876- 0613536--
Juhhfh 031;;58 0618683-- 0613959--
Luhodqg 0313;86 0519:86- 041:93:
Lwdo| 0318;48 061;7:8-- 0517:69
Mdsdq 05199;8- 031<694 0514398
Nruhd 041;3;7 041934: 0316;39
Ox{hperxuj 0517<45 41:759 0319:45
Qhwkhuodqgv 0515<:9 41:759 061435;--
Qhz ]hdodqg 051:43:- 0417:<; 0414:59
Qruzd| 051;33<- 31<864 0317:<9
Vsdlq 05138<8 041594: 0418676
Vzhghq 061864;-- 0318497 0316948
Vzlw}huodqg 514<:: 05149:7 0417775
Xqlwhg Nlqjgrp 04189<3 04188:< 03133<8
XVD 31;8:< 0318399 0317573
Qrwhv=
+d, Odj Rughuv fdofxodwhg iru hdfk frxqwu| dffruglqj wr Fdpsehoo dqg Shuurq +4<<4,1
+e, Fulwlfdo ydoxhv dw wkh 8 +--, dqg 43 +-, shufhqw ohyho= 051<6:34/ 0519484; iurp JDXVV1
4<
Wdeoh 7= Lqglylgxdo OP dqg DGI Frlqwhjudwlrq Whvw Uhvxowv= Jurxs 4
OP WHVW DGI WHVW
Dujhqwlqd 313498 0619:<3-
Erolyld 313393 0613569
Fkloh 313493 061453<
Froxpeld 313497 05173:8
Frwh G*Lyrluh 3133:< 05156<9
Grplqlfdq Uhsxeolf 3134<3 041:86;
Hfxdgru 313486 0613:8;
Jxdwhpdod 3133;5 0514;45
Krqgxudv 3133:7 0513563
Lqgld 3133:8 0415535
Ludq 313435 05153;;
Mdpdlfd 3133<; 0417;;3
Nhq|d 3133;7 061<6;:--
Pdgdjdvfdu 313454 0616<68
Pdodzl 3133:6 061845<-
Ph{lfr 313537 051<956
Pruurffr 3133;: 051966:
Qljhuld 313463 041;::9
Sdqdpd 3133;8 0514:49
Sdudjxd| 313386 0618387-
Shux 31348; 04179;9
Skloolsslqhv 3135<8 041;:88
Vlhuud Ohrqh 31338; 0615;:5
Vul Odqnd 3133<; 0815396--
V|uld 3133;: 0317796
Wkdlodqg 3133<9 0519:<4
Wxunh| 3133:< 041;436
Yhqh}xhod 31339< 031955<
]dpeld 3133<6 051<:74
]lpedezh 3133;7 0519455
Qrwhv=
+d, Odj Rughuv fdofxodwhg iru hdfk frxqwu| dffruglqj wr Fdpshoo dqg Shuurq +4<<4,1
+e, Fulwlfdo ydoxhv dw wkh 8 +--, dqg 43 +-, shufhqw ohyho iru wkh OP Whvw= 154:: dqg 1494: iurp Kduulv dqg
Lqghu +4<<7,1
+f, Fulwlfdo ydoxhv dw wkh 8 +--, dqg 43 +-, shufhqw ohyho iru wkh DGI Whvw= 061:9:8 dqg 06177<7 iurp Skloolsv
dqg Rxoldulv +4<<3,1
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Wdeoh 8= Sdudphwhu Hvwlpdwhv +Srwhqwldo Frlqwhjudwlqj Yhfwru,= Jurxs 4
Xuedql}dwlrq NSZ Xuedql}dwlrq NSZ
Dujhqwlqd 0441994; 31;983 Shux 0314979 05159::--
+6613<67, +513<8<, +4138<;, +31:5;6,
Erolyld 414694 318456-- Skloolslqhv 31;66< 31:836
+31<55<, +13934, +5196<6, +419667,
Fkloh 041564; 5179;5-- Vlhuud Ohrqh 0618457-- 418769--
+713;;9, +413934, +41737<, +31994<,
Froxpeld 441:;8; 3147;8 Vul Odqnd 0<179;:-- 317759
+441:7;6, +31<939, +61688;, +317476,
Frwh G*Lyrluh 0313858 31:7:: V|uld 031:594 413739--
+4169<5, +318555, +513989, +31773;,
Grplqlfdq Uhsxeolf 0818<85 31<:<3 Wkdlodqg 319958 3169;4
+451;::8, +415;3<, +31<557, +317657,
Hfxdgru 071<5<7-- 517<74-- Wxunh| 41<;7;-- 317846
+41:6;4, +31:959, +31:9:6, +3166<3,
Jxdwhpdod 415789-- 319;6:-- Yhqh}xhod 0817769-- 516<;8--
+31645:, +314435, +31:467, +316<95,
Krqgxudv 718<<9-- 3197;9-- ]dpeld 0317997 317998
+31;<88, +313948, +4167<8, +31766;,
Lqgld 5153:5-- 03173;4 ]lpedezh 71:489-- 51:5:9--
+31937;, +316559, +41:3::, +415:45,
Ludq 91:5:7 0319;;3
+71;444, +414369,
Mdpdlfd 41594: 414767--
+413438, +315:67,
Nhq|d 317499- 3135:7
+3155;8, +314376,
Pdgdjdvfdu 031555<- 31556<-
+3145<9, +314579,
Pdodzl 319;:9-- 3143;7
+315485, +313;7;,
Ph{lfr 0:13896-- 3194:3--
+41<88<, +31449:,
Pruurffr 516777-- 0317895
+319:36, +31637<,
Qljhuld 041785; 519<<4--
+41776:, +416859,
Sdqdpd 031<76: 419<37--
+31::64, +315755,
Sdudjxd| 041<7;6- 4138;4--
+41446:, +315;7:,
Qrwhv=
+d, Vwdqgdug huuruv duh uhsruwhg lq sdudqwkhvhv> vljqlfdqw dw 43+-, dqg 8 +--, shufhqw1
+e, Prgho hvwlpdwhg zlwk lqwhufhsw lq FRLQW 5131
54
Wdeoh 9= Lqglylgxdo OP dqg DGI Frlqwhjudwlrq Whvw Uhvxowv= Jurxs 5
OP WHVW DGI WHVW
Dxvwudold 3133<9 041;645
Dxvwuld 313438 051383:
Ehojlxp 313388 0417744
Fdqdgd 31348; 0516<6<
Ghqpdun 3133;6 051689;
Ilqodqg 3133<; 051:;53
Iudqfh 31345: 0516;:;
Ihghudo Uhsxeolf Jhupdq| 3134;; 051<36:
Juhhfh 313489 051:3:8
Luhodqg 313383 051<:;<
Lwdo| 313457 061633:
Mdsdq 31338< 051;468
Nruhd 3133:3 041;;<;
Ox{hperxuj 313435 051:3;4
Qhwkhuodqgv 3133<< 061773;
Qhz ]hdodqg 31343; 05199:7
Qruzd| 3133:< 041<364
Vsdlq 3133:< 0417755
Vzhghq 313443 0418378
Vzlw}huodqg 313385 051<<84
Xqlwhg Nlqjgrp 313459 051<37:
XVD 3133:: 061;368--
Qrwhv=
+d, Odj Rughuv fdofxodwhg iru hdfk frxqwu| dffruglqj wr Fdpsehoo dqg Shuurq +4<<4,1
+e, Fulwlfdo ydoxhv dw wkh 8 +--, dqg 43 +-, shufhqw ohyho iru wkh OP Whvw= 154:: dqg 1494: iurp Kduulv dqg
Lqghu +4<<7,1
+f, Fulwlfdo Ydoxhv dw wkh 8 +--, dqg 43 +-, shufhqw ohyho iru wkh DGI Whvw= 061:9:8 dqg 06177<7 iurp Skloolsv
dqg Rxoldulv +4<<3,1
55
Wdeoh := Sdudphwhu Hvwlpdwhv +Srwhqwldo Frlqwhjudwlqj Yhfwru,= Jurxs 5
Xuedql}dwlrq NSZ Xuedql}dwlrq NSZ
Dxvwudold 917874 31;:78-- Vzhghq ;13994-- 313<;8
+431<<58, +316936, +61;;88, +513:93,
Dxvwuld 0517<8; 31:::8-- Vzlw}huodqg 03185<6 317<47--
+41945<, +3165<8, +4165<;, +31548;,
Ehojlxp 0418:3 31;647-- Xqlwhg Nlqjgrp 513646 317945--
+51::83, +31:::, +816436, +314<5:,
Fdqdgd 4<145:5-- 31457; XVD 0<1934< 315<43
+;17:3:, +314<4<, +4813386, +316:8:,
Ghqpdun 8168;5-- 03137;4
+41;8;7, +315447,
Ilqodqg 3 19;;9-- 3187;7--
+31488<, +31383:,
Iudqfh 416463 3165:;
+41;86<, +3158<9,
IUJ 0461576<-- 3185;9--
+619;79, +313;88,
Juhhfh 318:73 3165<;
+319<49, +31668;,
Luhodqg 814;47-- 0314439
+514639, +315<;4,
Lwdo| 0:1;36:-- 41<7;<--
+414899, +314893,
Mdsdq 03179;3 319373--
+318898, +3135;7,
Nruhd 314333 31<563--
+4135:5, +3167:6,
Ox{hperxuj 41393: 4159;7--
+4169;5, +319595,
Qhwkhuodqgv <15953-- 031386:
+31:998, +313977,
Qhz ]hdodqg ;15944-- 313398
+518485, +3148;5,
Qruzd| 031643< 513<98--
+415768, +31944<,
Vsdlq 06154;4-- 413<3;--
+31<99;, +3158<6,
Qrwhv= +d, Vwdqgdug huuruv duh uhsruwhg lq sdudqwkhvhv> vljqlfdqw dw 43 +-, dqg 8 +--, shufhqw1
+e, Prgho hvwlpdwhg zlwk lqwhufhsw lq FRLQW 5131
56
Center for Policy Research Working Paper Series
Number Author(s) Title
1 Kao and Emerson On the Estimation of a Linear Time Trend
Regression with a One-Way Error Component
Model in the Presence of Serially Correlated
Errors
2 Kao and Chiang On the Estimation and Inference of a Cointegrated
Regression in Panel Data
3 McCoskey and Kao A Monte Carlo Comparison of Tests for
Cointegration in Panel Data
4 Kao, Chiang, and Chen International R&D Spillovers:  An Application of
Estimation and Inference in Panel Cointegration
5 McCoskey and Kao Testing the Stability of a Production Function with
Urbanization as a Shift Factor:  An Application of
Non-stationary Panel Data Techniques
